INTRODUCTION
Many advanced processes in engineering such as extrusion involve complex thermomechanical and multiaxial loading conditions. They include large strains, high strain rates and an increase in temperature due to deformation. Classical yield criteria define a surface in stress space, a formulation of all possible combinations of stress states that will lead to plastic yielding without any consideration of rate effects. In order to include effects of the loading rate into the modelling, Cowper-Symonds power law [1] was chosen due to being available in the commercial finite element (FE) software, ABAQUS [2] , in combination with von Mises yield criterion [3] , which applies for isotropic materials. Unfortunately, this yield criterion does not give satisfaction especially in the case of hexagonal closed packed (hcp) metals showing anisotropy in its mechanical behaviour as well as an asymmetry in tensile/compression behaviour.
The phenomenological yield criterion for anisotropic materials derived by Cazacu and Barlat [4] can also capture the latter phenomenon by introducing the third invariant of the stress tensor. To address temperature dependency, temperature will be included as internal state variable and adiabatic conditions are assumed considering the increase in temperature due to plastic deformation. The modified version of Cazacu and Barlat model with respect to rate and temperature dependency on plastic deformation has been implemented successfully as user defined material, namely VUMAT [5] , in ABAQUS/Explicit.
MATERIAL MODELS

Cowper-Symonds overstress power law
A widely used rate-dependent formulation, CowperSymonds power law,
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is considered, where R is the "dynamic" yield stress at a plastic strain rate pl and o R is the yield stress under quasi-static conditions; D and n are model constants, reference strain rate and exponent, respectively.
Cazacu and Barlat yield criterion
The phenomenological model proposed by Cazacu and Barlat captures asymmetry in yielding in pressure-insensitive metals. Cazacu and Barlat considered generalisations of the second and third deviator invariants, 2 J and 3 J . The proposed anisotropic and asymmetric yield criterion is given by 3 3 3 2 ) (
where y is the yield strength in shear. 
The generalisation with respect to orthotropy of 
The coefficients, k a and j b , which determine the shape of the yield surface, can be defined as functions of the equivalent plastic strain, pl , with the help of optimisation algorithms [6, 7] . To this end, a second-order polynomial function was selected in order to define the evolution of coefficients as seen below:
Since the Cazacu and Barlat yield criterion is an extension of von Mises' yield criterion, one can mimic conventional von Mises plasticity by choosing the model parameters as 1 ) 6 ,..,
Modified Cazacu and Barlat yield criterion
As mentioned before, neither strain rate nor temperature dependency is considered in the original work of Cazacu and Barlat. In order to capture these phenomena, the proposed modified version of the yield function can be written as a function of three internal state variables, namely equivalent plastic strain, plastic strain rate and temperature,
The yield strength in shear, y , can be expressed by the yield strength, y , as measured from the uniaxial tensile test by 
Strain-rate hardening is modelled by the overstress law, Equation (1), and temperature softening as follows: 
where o is the initial yield strength, H is a hardening modulus, D and n are reference strain rate and exponent, is a temperature softening parameter and o is a reference temperature. The calculation of temperature, , is based on the assumption of adiabatic processes, where plastic deformation introduces a heat flux per unit volume,
where pl q is the heat flux added into the energy
